Twelve novel compounds of 1-substitutedphenyl-3-(5-halobenzimidazol-2-yl) acylurea were synthesized by the reaction of 5-halobenzimidazol-2-yl acylisocyanate with substituted anilines in yields of 62.4-76.1%. The structures of the title compounds were characterized by IR, 1 H NMR spectra and elemental analysis. Antifungal activities against Botrytis cinerea and Sclerotinia sclerotiorum were also evaluated by the mycelium growth rate method in the lab. The results indicated that most of the title compounds exhibited excellent antifungal activities against Sclerotinia sclerotiorum, and their activities were higher than that of thiophanatemethyl.
Introduction
Benzimidazole derivatives exhibit broad spectrum of biological activities, such as antifungal, 1) antibacterial, 2) antiviral, 3) and antitumoral activities, 4) and thus play an important role in agricultural and pharmaceutical fields. In the pesticide field, benzimidazole fungicides with carbendazim, benomyl and thiabendazole, for example, are still used as fungicides due to their high efficiency, broad spectrum and good systemic property. 5) However, owing to enhancement of the resistance of fungal pathogens, their antifungal activities are decreasing. In order to reproduce the vigor and vitality of this classical fungicide, it is necessary to develop novel benzimidazole compounds.
On the other hand, many benzoylureas, such as hexaflumuron, diflubenzuron and teflubenzuron, show excellent insecticidal activity, 6) while others exhibit fungicidal, 7) and plant growth-regulating activities. 8) In order to seek new benzimidazole derivatives with highly efficient antifungal activity, we linked the N-phenyl acylurea moiety of benzoylurea to benzimidazole according to the sub-structure link method, and synthesized twelve novel 1-substitutedphenyl-3-(5-halobenzimidazol-2-yl) acylureas. The synthesis pathway is shown in Fig. 1 .
Materials and Methods

Instruments and reagents
The melting point was measured on an XRC-1 microscopic melting-point apparatus and was uncorrected. IR spectrum was recorded in KBr pellets on a Shimadzu IR-440 infrared spectrophotometer. 1 H NMR spectrum was measured on a Bruker AC-400 spectrophotometer (DMSO-d 6 as solvent, TMS as internal standard), and elemental analysis was performed with a Vario EL III Elemental Analyzer. 5-Chlorobenzimidazol-2-yl acylamide and 5-fluorobenzimidazol-2-yl acylamide (1) were prepared in our lab according to the reference. 9) 1,2-Dichloroethane and N,N-dimethyl formamide (DMF) were dried with molecular sieves before use.
Chemical synthesis
General procedure for synthesizing the title compounds. 8) Oxalyl chloride (1.5 g, 12 mmol) was slowly added to a mixture of 6 mmol 5-halobenzimidaol-2-yl acylamide in 15 ml anhydrous 1,2-dichloroethane with stirring in an ice-water bath. The reaction mixture was stirred at 50-55°C for 3 hr, and then refluxed for 6 hr. After removing the solvent and the excess oxalyl chloride under reduced pressure, a yellow solid of 5-halobenzimidaol-2-yl acylisocyanate (2) was obtained. The intermediate was directly used in the subsequent reaction without purification. The above isocyanate was dissolved in 10 ml dry DMF, and a solution of 5.4 mmol (substituted) aniline in 5 ml DMF was then slowly added. After 4 hr of stirring at 60-70°C, the solvent was evaporated under reduced pressure to give the crude product, which was purified by recrystallization from a mixed solvent of DMF and toluene (V : Vϭ1 : 2). Using this procedure, yellow powders of 3a-3l were obtained. 
1-Phenyl-3-(5-chlorobenzimidazol-2-yl) acylurea (3a
1-(4-Fluorophenyl)-3-(5-chlorobenzimidazol-2-yl) acylurea (3b
1-(4-Chlorophenyl)-3-(5-fluorobenzimidazol-2-yl) acylurea (3i
Antifungal activity assays
The in vitro antifungal activities of 3a-3l against Botrytis cinerea and Sclerotinia sclerotiorum, which were both collected from tomato and cucumber plants, respectively, in Xintai city, China, and were susceptible to thiophanate-methyl, 10) were evaluated using the mycelium growth rate method in the lab. 11a) Culture media, with known concentrations of the test compounds (10, 25, 50, 100, 200 mg/l), were obtained by mixing the solution of 3a-3l with potato dextrose agar (PDA), on which fungus cakes were placed. The cultures were carried out at 25Ϯ1°C for 96 hr. Thiophanate-methyl, a commercial fungicide, was used as a control, and sterile water was used as a blank. Three replications were performed in antifungal activity assays. The inhibition rate was expressed as the mean of values obtained in three independent experiments. Lastly, effective concentrations (EC 50 ) that inhibited mycelium growth by 50% and toxicity regression equations were obtained according to Finney's probability value method, 11b) and
given satisfactory regression equations with a correlation coefficient of 0.9505-0.9973. The EC 50 values were shown in Table 1 . The inhibition rate was calculated according to the formula:
In which D 0 is the expansion diameter of mycelia in the blank test, and D 1 is the expansion diameter of mycelia in the presence of tested compounds.
Results and Discussion
Synthesis
Acylisocyanate is usually prepaired in the lab by the reaction of acylamide with oxalyl chloride; however, some by-products, such as N-acyl oxalylamide and a polymer of isocyanate, will be produced if the dosage of oxalyl chloride is insufficient or the reaction temperature is inappropriate. 12, 13) To reduce N-acyl oxalylamide, the amount of oxalyl chloride was doubled and a lower temperature (0°C) was maintained during the dropwise addition. Moreover, 5-halobenzimidaol-2-yl acylisocynate (2) was directly used in the subsequent reaction without purification in order to prevent its polymerization or decomposition.
Antifungal activity
As shown in Table 1 , title compounds 3e and 3i exhibited good antifungal activities against B. cinerea, in which EC 50 values
were 3.94 and 4.65 mg/ml, respectively, but their activities were still lower than that of the control fungicide (thiophanate-methyl).
On the other hand, except 3a, 3h and 3i, EC 50 values of the other nine compounds were from 5.50 to 9.28 mg/ml against S. sclerotiorum, all less than that of thiophanate-methyl (EC 50 10.46 mg/ml), which means that they displayed significant antifungal activities against S. sclerotiorum. In addition, we synthesized analogues of the title compounds, 1-substitutedphenyl-3-benzimidazol-2-yl acylurea, 14) in which EC 50 values ranged from 28.46 to 73.74 mg/ml against B. cinerea and from 17.93 to 87.37 mg/ml against S. sclerotiorum. Compared to their analogues, EC 50 values of the title compounds were lower, which revealed the title compounds exhibited higher antifungal activities. From this result, it was deduced that the activity of this type of compound is increased when chlorine or fluorine atom is introduced into the 5-position of the benzimidazole ring. 
